U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

o '
134°40 7 o
56° 134 6
e 3 R 87E
. L NS et s Safita Aupa
o Bk t Hardscrablle ( LQ”‘"" e G B\ }t\’ PR
i AKOSEN -
{A\ ape }?“ fe ol Suw:!u““dl’yr X
- '\ Lake {ori
J\\‘ [
Sf{ I ;Hr;s»n Tslapd
. “Hot Spri
Y QT A YATTAT Bo
CHRISTIAN SOUND - Boflage .
Rk
M, s
'ry;j-»g,‘?";.t-Big Hazy Islet Y \Westerly K \
5 3 “‘I.igh‘nhpus‘m-f : { 2] \\\ g
D Petérseen Isfgﬁ"i';v‘“,‘“' ‘.T;' N '!(ﬁw@ui} 8 ; éH\&
s / b :'1.\"‘
5 Bay - =
1 Whale Head: Square \ .~»'G'e'dn
W kf Whalé Lfslans ‘ Gedfey  Pass
Rk )i .
o0
< < e esaduitivial
RE~ (2 A
H ECETA
; < 5 R 5= - / ~ 10 S s : o S daHeckman/« Mush e | ; z (T Q R o I
7 '9 ot N 1 ,‘ : [.:,\ ; ( C - S ) ’ e / ~ L .' - . 5 5 4 5
"y orsery 15 X % 3 NEETR = N 7 AT R \ (7 e f 7 - A 5 3
o \j)‘ 8 v £
e oz | Tiribered V&S ;
‘ N § Contral 2 Tolstoi |
Fa - 0 [;u/\fr/:,. 7
/lslands v
‘ \ / 1 Francis (_‘u,-{.l i R
< ': & 2 Eiansin g (\?/,\ \
- Nl : I i [ / f e
A ( e Raymond/| N | A
’<\ (e S e N\ \Helm Coveld :§\ ‘l}‘\'j
C e . Li ; > 5§ {4} g “‘j“‘[ﬂlﬁ'f% ,{\(‘
-~ [ NS BTT by 20y Y Aoy o Rk
NN de‘m{wﬁ‘.‘d %qd\ HetmBay . T, ! NSRS
. M A N5 © 64’ N -11(/_{). Ow“ g =
s N o)\ u o “Op, Nak,
S ‘:} . ’ i % & ka“‘ﬂ' (.'tl"rlunz / Doni
frr:-& i Pt san o Cache island @
{ > / Cedar Island
07 3 i Moser Island /2 (
o Stack Istandi =" 2
§ Island| - /7
,,9«? g v / /3. Ao d
O ™73 .85 \ ¥ ’\\ J = //
/3.5 ] o B D ocany’ Vi S 1o
SAN FERNA] A (Bitterswest [ T
O I/lfl"’“f? By i / \ San A Zb(’?'tb e Tatoosh
Roller: > A DiParida | 1
onnt %3
- ’
< - 55°30 55°30
-‘7 b
[ AHuniny Hitnt
¢ 2 a yStreets |
300 Shaft M /
R o
TI74. S N et g0 Gua
£ \; i S : A “Islands 4
) Cape Addingtor St Nichols P () 2% € 7 ? Consrinton 7 pyssad
e ¥ $ / P ) WS
wt Real M ' QQASQ“ Juah
: -'is;,-,{t;,\"""m,;{ ;\ Y /Bautista |
RGeS 5
- AN Ta A :
=
M sy
=
o=
%, N s ‘\-f:gC_,abras:[s ’VL'C : i i‘:_}gg(\i R 05
é N TG\
é:(( dhompson ki 2R ?‘f?\/wu%
1’ Loy | 3 2 Y\; adadd . C
San Rogue \)
D SWaterfall
- { N
Pt 'Sa@/&_qtum‘j Z
§ I
o ' i 7% '
b } Ll 55°15
6 , o, Flat Mtn
134° PG
"{' 2 i{x\\} )
“gk/)‘ zgjﬂ\ Jirs
(\Q AN
PR AT L
AN A (;\’ IS
Sl
g
[&\Wedge
. \Wedge Islands
ot
Johngon
A ‘V Prince of Wales
Island
EXPLANATION s '
g Smauggler
Covels
o Geochemical sample site _
Cu Pb
Vector diagram centered around sample site shows anomalous concentrations of -
indi k terock |
Zn selected elements. Each vector represents one element; length of vector indicates % Whiterock
concentration range of that element in the sample g % i suefee Anchorage
Cd A A
Ba ek \ ! k! Solyanka PL.¥ S b
f Wolf Rock & &']‘Ifmga'lé:};é]r?:llt)\u ‘ Sl 22 T795 ‘ ﬂg»i,/ / agof Jm!iN | 7
Subquadrangle boundaries of the 1:250,000 scale quadrangle : - ‘ 22';,?5 of Wales
{8
? Gk \| AT o
& = 44, \ S Polk Island i 55
AD North-South subquadrangle designation codes of the 1:63,360 scale quadrangle 55 ] N " o e ; T T g
e \ | _;\/jbw % S
S / | ! — , @ A A 3 . graham Pt )
17 East-West subquadrangle designation codes of the 1:63,360 scale quadrangle %\ ; e W”ﬂ'wwf { kgj e
| B T 2/7 RS A | W ham Bay
i SLSI i [ % i “
% - / s 2 : O
Vector values (in parts per million) L/ 2 ieS
4 el >
- 1 N t:«'den Bay -
Cu Pb Zn 7 f \ et
/ 3 s 2
/ \ ! 300 4 =
i i — e =
/ \y / /
l 200->20,000 / D | \ : Kendrick o D
100-1,000 o—— 562-2,000 i /r e slands & Rocks
orth Rks.g e / o 5
\ ik ¥
‘é Lowryie islamd i
NCape He aiNor [ = Hass ey
l 150 O/ 70 382-561 F;;: RS Ljon Rk -
Butler Rk -l P9\ o
Military, Camp {}‘"-”/ elor @ :
e S el 2
T8l shg R,(‘,M\‘f’ ; £
© &g\ Forrester : o
100 s 50 o— 220-381 o Fa ~
| léland
[y ? T Qo
: 8"2 o ol (U.S.)
Cd Ba :
54°45' 54°45'
y 3z Hiff
\ 0.1-0.7 T 3,000-5,000 Huaji C1
R 90 E
W alASKA | 1 _—oe - —4 C
T : . o e e o e i = = = SURTTRHA COLUMBIA
2,000 e ; \ i (APPR( }}(Iﬂﬂ_;{___}_;(__)_\lel):\}{\' gL
yMITED STATES _____ . e =" 3
1 [—7 ~ CANADA \ N
e x . Muzon ¥ : S 300~ = g
? 1,500 | o > . 2
o o ]
133° 3 2 1 132 6 5 131°30
SCALE 1:250000
5 0 5 10 15 20 25 MILES
: { I | I { F 1 F { ]
5 0 5 10 15 20 25 KILOMETERS
. —— _ e ]
CONTOUR INTERVAL 200 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1929
MAP A. DISTRIBUTION AND ABUNDANCE OF Cu, Pb, Zn, Cd, AND Ba
134°40’ 7 184° . S
i 3 2 , e
e | 4 *' ‘o e o R - .i{ - T ; T T 25 ; X N
) Entrance 10 ;
$ % ; & .
B ) Eag 4 @ }
) Qs - ) (189 Quartz Rk: | \
S KOSCIUSKE, PRl ngelSunny
3 3y { & ! \ 30y .
Q‘\ FCapé’ Hole i)/ C Mo Hert :
4‘\6' ‘ ‘go‘é A 0
\\'}, > ~aGabifiohe
CHRISTIAN SOUND
Wihite CIff {7 X AN
Island : /r\ N Ratz Pt
% . SCsiD &
¢ #%4Big Hazy Islet 7/ s o s S DN B
DAY CORONATION A Tuxekan
D % @ TS o e : PRy R D
XA ise & T s0C / 1
ISLAND. i et O
I l‘:; : SP” cLOUS a !’, Sy ’ /' 5 = ¢ Foope I
4 Whale Head" d of “lSquare » o /Gedngy | 6o Finft kp
: Whal S RO island Ged ey Pass
e ] } 5 i S
55°45’
I
7 ~TTEETy T 5 5° 4 5
7 i =Ty
f > jL MeyersL
‘ Meyers Chuc
ST Sn
5 F L ek g
[ Tiribered W09 : v Vg
300
il !‘L’l:pn{ww! Gl \
I<\ Helm  Covel § gRav =
C N Lake ¥
TCdId Hetm Bay =
Lo _ IM%Y‘ 1 1" hon Bay dian Py
O o T N
in-the -Wall ; 2z
5 Cache Island
\¥8an Lorenzo Is [y, Cedar lsland (!
N Moser Islé
e 1 aQ » oser isia
& Sl l‘(l G 4 :\J A i Stack Istand -7
Cape Ylith S O s =
4 7 §LeInRon x Grantd?
o island /
| y ; v’\-\ = " ¢
© A TR SAN F/;ER\'% et { ' it W'/ Tatoodh
ar ERNA , phitersweet [ (at0Q5E
O Lago™S by 144 N\' San Albé?"ﬁ? o " Tatoosh.
: e Hiparida | I “islands(y 0/
) A 3l ’
< 85°30" 55°30
200 Shaf
Ri
T74 8 i Guard
: e Istands
g Cape Addingtor St Nicholas B > passad
> K\v-r QS
n, RUQU(EQ«QX 5 _.;Q;\:r'o‘:\
) 3 '~,.
G D o
Granite F 7 ?’ T Arbite
~ LT
D Pt Quemad
L T76s
\ | Chasiria |
55°15’ o'jist
6 o Blat Mtn] 55
() V0 s
134
[ : & e Millag ;. g Gt :
RS b % Rks*3%) Mtl:ﬁ 7l 7 4
. Chengngs 7|
4 (=2, ey
g ; il
; 1
‘ Pt \ DwarburtonGuHt
A Johnson yf"\ » "oMetlakat
] 3 4
5 ‘ : Sep, | Prince of Wales i ; s Sg
o /! 3 RS " icland - Brondugh Is Pt Mc Carey ee
| 4 Entrance l:“p A by \ . 29520 i / ‘ . L
fle®. J 2 17k Yel QW’ ,l, .::v !
S Cape”Lookou e Cedar P/ /U]
EXPLANATION ;. »
O Geochemical sample site 4
A o
u \ |
Ag Vector diagram centered around sample site shows anomalous concentrations of 2 \ gy S 5
As selected elements. Each vector represents one element; length of vector indicates 4
2 3 ! mefee Anchorage
concentration range of that element in the sample § i T8 S | m}f: nchor
Hg i Sb o > | By A% 0
7 . FORRESTER I NATIONAL chagof Bay
Wolf Rocks & wii o 1GE aagy 3
e le boundaries of the 1:250,000 scale quadrangle e o : : Beince of Wales
Subquadrangle boundaries of the 1:250,000 scale quadrang ; ; : g .
; ) 55° , ,.» : »\Lw“» 2 Arm ——e—— e ——— - - 55
A-D North-South subquadrangle designation codes of the 1:63,360 scale quadrangle | T B oy N BN e TR | A TR TN o, SRR [ powode [(17 ) _’&ﬁ;r MOIR A . ANNEITE ISLAND INDIAN RESERVATION 2 527 0-bf fhayison e
e i : ‘ e i A AP \ ) LN €4 S g e e o
: ) N S ] | a - ,j",".‘)[x/@ﬁ?ﬁﬂ:u» »_:\\\Ja"ckson g Y % ~S\ingraham Pt
17 East-West subquadrangle designation codes of the 1:63,360 scale quadrangle Lt TN e B S o e T ) Lc g,
3 “l G oo Vi 2 Pk - Wi 0 ; ‘Q}A(I/,l 1-3)(1.5/
& € iy
53 o AScott Pt
3 e /// > 4 { .Go £
Vector values (in parts per million) 2 b -
. ,‘ % >
Au A“ As // '\ y eo!
{ 7 Q e
AT / 5
/ OB, -
l 10-70 / 5-500 o—— 82-563 If -
D | s ; : \ b ‘ P / N = \° AR G : ! 5 AN g o =7 < 72 Kendrick
} \ / o i ¢ P > 7 2 B RATEINN N kA & < J g RPN i S i ) ) : Al slands Fi5s Riscks | 7 D
Nopth ks ™\ y 4 3 = N QTN % \ \\\™) o | Bl / - s , ]
gy g \\ /r, X }v-
l 0.15-1.5 o/ 1-2 o— 3881 L ‘ [
g \ w
“Cape Horn A £a Hassjdr Reel
\  Rks s
& 005010 " 0507 o— 17-37 Bler R N o
; . Military, Camp 745 Hir o~ Ao | e
\ s ¢ \ : N { A
‘ e e ) 3 " =
781 S ! 2‘\\‘0\)\\{\:. ~—_ \ »
/ Rpleal el N S / NG . i S
é 0.02-0.04 oy Forrester N I\ PR 0T A
| e ISland i / L TN 1
[ LS. 3 _ NS e
r gz Sb\\,i { 3 ( ! ‘ b Parrdt '\7{&12\'3
B >~ N | X \ \ | PamqtRie®
| M \ S | . Essawdh P
Sb Bi Hg & / % ] \
Jgt)‘}:,Petrel ; { \ 4 i . : , e & "
54°45’ lelend " S " \s!  Pladhig >N JKissRpty, \\| g Dewey y S NP ZP ) o IO SR S LN (8 S 54°45
4 o ) ) = NN s G o - \ TR ~ N S NSl EM L o CIR- T O RN R M Q' ::Stone Rock
T / 5 4 e i Security R $ g g N~ B\ \ 2 o \ < NN 2l g el 1 % L f,\ 8 I8 !
8.2-38.0 10-50 0.24->6.0 \ ‘ : : s : * o 4 Y0 Nickdts, ook 10 AL N Paii s
; _i R 90 E
\‘\ ‘ e Pt Cornwa!ﬁ%%/_ S
i / ' \s e AR
\ 3-8'8.1 T <1o / o 16 0 23 ' C -~ - 4 % & ap&&;u’
16-0. e < : (v : O «iz A Chacon
\\ - e 2 VN Bert M i T — _.I.‘.A.———SKA o=
\ (APPROXIMATE| BOUNDARY)__ _ e = o= == - RRITISH COLUMBIA
\‘\.\ v Nu nfﬁ) Rks Z ",:/&’: DGWI«
o 2087 - 0.14-0.15 o s ,
o ¢ - Rex 5 ;
183" 3 2 1 132" 6 5 131°30'
Base from U.S. Geological Survey
Craig, 1957; Dixon Entrance, 1959; Ketchikan, 1955; Prince Rupert, 1959 : =l
Universal Transverse Mercator projection. 1927 North American datum SCALE 1:250 000 Manuscript approved for publication November 13, 1992
5 0 5 10 15 20 25 MILES
f— e = = ] F =| Pz |
5 0 5 10 15 20 25 KILOMETERS
= —— I —— —_— ]

CONTOUR INTERVAL 200 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1929

MAP B. DISTRIBUTION AND ABUNDANCE OF Au, Ag, As, Sb, Bi, AND Hg

GEOCHEMICAL MAPS SHOWING THE DISTRIBUTION OF SELECTED ELEMENTS IN STREAM-SEDIMENT SAMPLES FROM THE CRAIG, DIXON ENTRANCE, AND

WESTERN EDGES OF THE KETCHIKAN AND PRINCE RUPERT QUADRANGLES, SOUTHEAST ALASKA

By _
John B. Cathrall, Belinda F. Arbogast, George VanTrump, Jr., and Steven K. McDanal

1002

MISCELLANEOUS FIELD STUDIES
MAP MF-2217-A
SHEET 1OF 2

INTRODUCTION

The U.S. Geological Survey (USGS) is required by the Alaska Naticnal Interest
Lands Conservation Act (ANILCA, Public Law 96-487) to survey certain Federal lands
to determine their mineral resource potential. Results from the Alaska Mineral Resource
Appraisal Program (AMRAP) must be made available to the public and be submitted to
the President and Congress. This report presents the distributions of anomalous
concentrations of 17 elements in minus-80-mesh stream-sediment samples collected in
1969, 1983-1985, and 1989 from the Craig study area. The study area includes all of the
Craig, Dixon Entrance, and a small part of the western edges of the Ketchikan and Prince
Rupert quadrangles (1:250,000). The Craig study area is located in southeastern Alaska
and includes (from west to east) parts of the Prince of Wales Mountains, Kupreanof
Lowlands, and Coastal Foothills physiographic divisions of Wahrhaftig (1965).

GEOLOGY

The Craig study area contains parts of three northwest-trending
tectonostratigraphic terranes (Berg and others, 1972, 1978; Monger and Berg, 1987).
From the southwest to the northeast, they are the Alexander terrane, the Gravina-
Nutzotin overlap assemblage, and the controversial Taku terrane (Brew and Ford, 1984).

The Alexander terrane consists of Paleozoic sedimentary and volcanic rocks, as
well as Paleozoic and Mesozoic intrusive rocks in the region of Prince of Wales Island
and Dall Island southwest of Clarence Strait, and the southernmost part of the Cleveland
Peninsula on the northeast side of Clarence Strait. The rocks of the terrane range in age
from Proterozoic(?) to Pennsylvanian. Unmetamorphosed rocks of Ordovician and
younger age appear to stratigraphically overlay generally low-grade metamorphic rocks
of the Wales Group (Eberlein and Churkin, 1970). The Wales Group is a structurally
complex assemblage of predominantly andesitic to basaltic marine fragmental volcanic
rocks and flows interbedded with graywacke, mudstone, shale, and local marble. The
Wales Group is regionally deformed and metamorphosed to greenschist and, in places,
amphibolite facies. The southern part of the Alexander terrane includes an Ordovician to
Silurian volcanoplutonic complex of diorite, trondhjemite, and cogenetic volcanic and
volcaniclastic rocks that are in fault contact with the Wales Group (Eberlein and others,
1983; Gehrels and others, 1983a, b).

Most of the rocks northeast of Clarence Strait have been assigned to the Gravina-
Nutzotin overlap assemblage and Taku terrane (Berg and others, 1978; Monger and Berg,
1987; Brew and Ford, 1984). The Gravina-Nutzotin overlap assemblage underlies part
of the south end of the Cleveland Peninsula, southern Etolin Island, and Onslow Island.
The overlap assemblage consists of marine flysch, argillite, graywacke, and interbedded
andesitic to basaltic volcanic and volcaniclastic rocks intruded by plutons that range in
composition from quartz diorite to diorite peridotite. In the Craig study area, the contact
between the rocks of the Gravina-Nutzotin overlap assemblage and the Alexander terrane
is the Clarence Strait fault and an unnamed fault on southern Cleveland Peninsula (Brew
and Ford, 1984).

The Taku terrane includes layered rocks that underlie the mortheastern part of the
study area on Bronson Island and the Cleveland Peninsula. The terrane consists of
complexly deformed and metamorphosed late Paleozoic and Mesozoic pelitic
sedimentary rocks and subordinate felsic to mafic volcanic rocks iintruded by
intermediate and felsic plutons of Mesozoic and Cenozoic age (Siberling and others,
1982).

Regional structures in the Craig study area include northwest- and east-west-
trending high-angle lateral and extensional faults, and some moderate-angle contractional
faults. Regional metamorphism generally ranges from zeolite to greenschist facies, but
locally reaches amphibolite facies, particularly in the southern and northeastern parts of
the study area (Eberlein and others, 1983).

Geochemistry

Reconnaissance exploration geochemical studies were conducted during 1969
(Clark and others, 1970a-f, 1971) by the USGS as part of its Heavy-Metals Program, and
during 1983-1985 and 1989 as part of the ongoing AMRAP studies. Three different
media were sampled: (1) stream sediments, (2) heavy-mineral concentrates panned from
stream sediments, and (3) rock samples. This report presents the distributions of
anomalous concentrations of 17 elements in the minus-80-mesh stream-sediment
samples. The geochemistry of stream sediments is generally indicative of upstream
bedrock geology; it may also reveal extensive areas of exposed mineralized rock.

A total of 1,292 minus-80-mesh stream-sediment samples were collected during
the 1969, 1983-1985, and 1989 field seasons. Descriptions of the geochemical sampling,
sample preparation, and analytical methods used in the reconnaissance studies, as well as
tabulated geochemical data, statistical data, and sample-site maps, were presented in
Clark and others (1970a-g), and McDanal and others (1991).

New sampling and analytical procedures developed since the early geochemical
investigations were conducted in the quadrangle dictated that the samples should be
analyzed for different suites of elements. In addition, the changes in lower detection
limits over the years, as analytical methods improved, presented problems in data
interpretation, especially with regard to selecting geochemical thresholds for target
elements.

The 17 target elements selected for this report were divided into three groups.
The first group contains those elements of potential economic significance that are
commonly present in concentrations that are well above the lower detection limits.

These elements are Cu, Pb, Zn, and Ba. Elements in the second group are commonly
associated with mineral deposits, but levels of analytical determination are so high that
nearly all values suggest mineralization. These elements are Ag, Au, Hg, Cd, As, Sb, Bi,
and Mo. The third group of elements is associated with known deposits of rare-earth
elements and radioactive anomalies within the project area (Denny, 1962; MacKevett,
1963). These elements are La, Nb, Y, Be, and Th.

In order to distinguish geochemical anomalies from background values, a
threshold value for each of the selected elements was determined. The thresholds were
arbitrarily selected following the inspection of the elemental data contained in histograms
and percentile tables and consideration of the following factors: (1) the average
abundance of the elements determined in different lithologies (following the procedures
of Levinson, 1974; and Krauskopf, 1967); (2) previously established threshold values of
adjoining quadrangles (Petersburg and Port Alexander, 1:250,000-scale) that contain
similar lithologies and lithotectonic terranes (Cathrall and others, 1983); (3) threshold
values established by earlier studies in the Craig quadrangle (Clark and others, 1970a-f,

1971; Herreid and Rose, 1966; Herreid and Trible, 1973; Herreid and others, 1978); and
(4) statistical data obtained from the National Uranium Resource Evaluation and the
nationwide Hydrogeochemical and Stream Sediment Program of the U.S. Department of
Energy (Los Alamos National Laboratories, 1980, 1982a-c, 1983), and the Oak Ridge
Gaseous Diffusion Plant (1981a-c).

Table 1 lists the lower limits of anomalous concentrations of selected elements in
the Craig study area. Anomalous concentrations are shown by vectors that radiate from
sample sites (shown as small circles). The resulting vector diagrams not only show the
presence of anomalous concentrations of suites of elements, but can also be used to
indicate geochemical signatures of particular types of mineral deposits. Clusters of
similar vectors may represent one or more potential deposits having large areal exposure.

Table 1.—Lower limits of anomalous concentrations of selected elements in minus-80-
mesh stream-sediment samples, Craig study area, Alaska
[values reported in parts per million]

Element Value Element Value
Copper (Cu) 100 Bismuth (Bi) <10
Lead (Pb) 50 Mercury (Hg) 0.14
Zinc (Zn) 220 Lanthanum (La) 20
Cadmium (Cd) 0.1 Niobium (Nb) 20
Barium (Ba) 1,500 Yttrium (Y) 50
Gold (Au) 0.02 Beryllium (Be) 2
Silver (Ag) 0.5 Thorium (Th) 100
Arsenic (As) 17 Molybdenum (Mo) 5
Antimony (Sb) 2
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